1 Although many primary melanomas can be cured through surgery, treatment of metastatic melanomas remains challenging.
1 Melanoma patients undergoing chemotherapy or even targeted therapy with small-molecule inhibitors aimed at blocking the most frequently mutated oncogene (BRAF V600E ) are known to develop drug resistance and tumor recurrence. [1] [2] [3] [4] Even though some of the molecular mechanisms underlying acquired drug resistance have recently been described, [4] [5] [6] [7] recurrence of initially responsive melanomas can also be due in part to the presence and potential enrichment of tumor subpopulations that are inherently resistant to therapy. Schmidt et al. recently reported that by targeting a small subset (~2%) or subpopulation of tumor cells expressing CD20, a cell surface marker typically associated with B cells, 8 long-lasting tumor regression can be achieved in an experimental immunodeficient mouse tumor model, 9 whereas targeting of other tumor subpopulations had only minimal effects on tumor regression.
As is the case with other malignancies, melanoma is a highly heterogeneous neoplasia, composed of distinct subpopulations of tumor cells. [10] [11] [12] [13] These subpopulations provide the cellular basis for the complex biology of the disease, including phenomena such as self-renewal, differentiation, tumor initiation, progression and maintenance, and therapy resistance. Several phenotypically distinct subpopulations-some with stem celllike characteristics-have been described in melanoma, including one previously © The American Society of Gene & Cell Therapy commentary described by us that expresses CD20 (ref. 11). The new study noted above is based on the premise that a small subset of tumor cells is responsible for tumor initiation, maintenance, and disease progression. By successfully targeting and eliminating this small subset of malignant cells, tumor eradication could be more effectively achieved. This finding challenges the current dogma that targeting all tumor cells by biological, chemo-, or targeted therapies is required for a complete cure. The success of the proposed therapy will depend largely on effectively targeting this small tumor subpopulation and also on the assumption that every melanoma patient has this minor CD20 + tumor subpopulation in his or her lesion.
Schmidt et al. report finding a CD20 + melanoma subpopulation in the majority (four of five) of the patients' lesions tested. 9 Expression of CD20 + melanoma cells was demonstrated by co-staining melanoma cells with a monoclonal antibody (mAb) against the high-molecular-weightmelanoma-associated antigen (HMW-MAA; a molecule predominantly present on melanomas (ref. 14)) and an antibody against CD20 (ref. 8) via flow cytometry and immunohistology. CD20 expression was further confirmed by reverse transcriptionpolymerase chain reaction using CD20-specific primers. Polyclonal T cells were engineered to express a chimeric antigen receptor (CAR) composed of a single-chain variable fragment (scFv) derived from an antibody directed against CD20 fused to a CD3z signaling domain of a T-cell receptor (TCR) (Figure 1) . The engineered T cells have a redirected specificity to bind to CD20 on melanoma cells in a human leukocyte antigen (HLA)-independent manner and enhanced capacity to lyse CD20 + tumor cells. The advantage of this approach is that CARengineered T cells with a single specificity (CD20) can be grown in large numbers in a relatively short period of time and used in adoptive-therapy approaches. The authors further compared the tumor-inhibiting potential of adoptively transferred engineered T cells expressing various CAR specificities, as determined by expression of scFvs that bind to HMW-MAA, melanotransferrin (expressed by all melanomas), or CD19 (a molecule expressed on B cells), in an established immunodeficient mouse tumor model. In the in vivo experiments, they showed that by targeting a small subset of CD20 + tumor cells with engineered T cells with redirected specificity for CD20, complete inhibition of tumor growth in mice could be achieved. Inhibition of tumor growth was long-lasting-no tumor relapse in mice was observed for more than 36 weeks. Engineered T cells with redirected specificities for HMW-MAA, melanotransferrin, or CD19 were either unable or only partially able to inhibit tumor growth. In some mice, inhibition of tumor growth was transient, as lesions reappeared at later time points. Schmidt et al. claim that by solely targeting a small subset of CD20 + cells that are responsible for tumor initiation, maintenance, and progression, tumors can be completely eradicated.
Although the work was conducted in an immunodeficient mouse tumor model, it is quite interesting and provocative. Currently there are two views of tumor initiation and progression in melanoma. In a hierarchical cancer stem cell model, melanoma-initiating cells are rare (<0.1%) and a small subset of tumor subpopulation is responsible for tumor initiation, maintenance, and progression. [10] [11] [12] In the second model (stochastic), which is gaining increased attention, every cell has the potential to be a tumorinitiating cell. 13, 15, 16 Complete eradication of tumor cells by targeting a small subset of CD20 + melanoma tumor subpopulation, as shown by Schmidt et al., overwhelmingly supports the hierarchical cancer stem cell model. 9 This study potentially offers a new approach to melanoma treatment. However, the approach has many hurdles to clear before it could be tried in a clinical setting. Because of HLA restrictions, each patient's T cells would need to be engineered with CAR for successful elimination of CD20 + tumor subpopulations. This form of personalized therapy has its own limitations. In two previous studies, maintenance of adequate T cell numbers in circulation and minimizing reactivity to normal tissue were issues. 17, 18 Another challenge is to efficiently engineer all patients' T cells to express CAR. If achieved, will these patients' T cells be as efficient in lysing tumor cells as T cells obtained from normal healthy donors? The small number of data sets presented using patient lymphocytes indicates partial tumor regression in two of five patients' lymphocytes tested. The efficacy of redirected T-cell lysis of tumor cells needs to be confirmed in lymphocyte samples from a larger group of patients. Also, if alternatives such as rituximab or ofatumumab (both reactive against human CD20) are readily available, then why use CAR-engineered T cells? The authors do point out that T cells are more However, only a comparative study using antibodies and engineered T cells will validate this claim. Patients treated with CAR-engineered T cells could also develop resistance similar to that in lymphoma patients in whom CD20 molecules were downmodulated after treatment with rituximab, rendering the antibody treatment ineffective. 19 Finally, targeting only a minor subpopulation and leaving behind the bulk of the tumor does not take into account the dynamic nature of tumor cell subsets and the possibility that other minor subpopulations may also have tumor-initiating capabilities. 5, 20 Moreover, could cells that initially do not express surface markers such as CD20 become CD20
+ and acquire stem cell-like properties under the influence of therapy or the tumor microenvironment? Although Schmidt and colleagues propose a novel (and possibly efficient) approach to targeting a minor subset of tumor-initiating cells, a two-pronged approach will most likely be necessary to cure melanoma. This approach should target both the large bulk of highly dynamic and proliferative tumor cells and the phenotypically distinct minor subpopulations. Future studies will be required to validate the strategy proposed by Schmidt and colleagues, its therapeutic impact, and the potential it creates to offer more effective treatments for melanoma patients.
M
ost integrating vectors used in gene therapy insert their DNA in actively transcribed, gene-rich regions, a feature that increases chances of adverse events developing after vector integration. In this issue of Molecular Therapy, Bartholomae and colleagues report that lentiviral vectors integrate less frequently in actively transcribed genes of postmitotic neuronal and retinal cells in rodents than in rapidly dividing cells. 1 This may be good news for researchers developing treatments for disorders of these cell types because it could mean a lesser likelihood of genotoxicity following gene transfer. Bartholomae et al. also show that low levels of expression of the integration tethering protein LEDGF was associated with reduced integration in genes, as has been seen in human cells. 2 Two main classes of integrating viral vectors are used for gene therapy: adenoassociated viruses and retroviruses. Adeno-associated viruses have a nearrandom pattern of integration with a weak tendency to favor integration within genes 3 but are less efficient at integration and can carry only small transgene cargos compared with retroviruses. Of the retroviruses, the lentivirus family offers an attractive means of gene delivery because such viruses can transduce nondividing cells and allow access to a wider array of tissues than with the earlier generation of gamma-retroviral vectors. HIV-based vectors have recently been used successfully for human gene correction. 4, 5 It is not clear why HIV does not cause cancers in humans by insertional mutagenesis-there are several types of cancer associated with HIV infection, but the transformed cells do not harbor
